This review discusses a broad range of drug hypersensitivity reactions in children including even the non-IgE mediated reactions. Since there is not much known about the drug hypersensitivity in children, we will evaluate the epidemiology and major causes of pediatric drug hypersensitivity. Then we will suggest several issues of viral infection as a compounding factor, genetic analysis, and the most vulnerable subjects among children.
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antibiotics, antipyretic analgesics including NSAIDs, and vaccination injections. However, the major causative agents are influenced by the characteristics of the subject group in which the adverse events are collected, and the more commonly used drugs are reported as the major causative agents.
Characteristics of hypersensitivity reactions according to major drugs
The major causes of drug-related adverse reactions in children include beta-lactam antibiotics, NSAIDs, and vaccines. Therefore, it is necessary to investigate the diagnostic algorithm of each agent by each agent as much as these drugs are the most studied.
Beta-lactam antibiotics
Beta-lactam antibiotics are a class of antibiotics that have a beta-lactam ring in their molecular structures. They are classified into two major groups: penicillin and cephalosporin, and also classified into four minor groups: carbapenem, monobactam, oxacephem, and clavulanic acid.
Beta-lactam antibiotics are the most prevalent drug for hypersensitivity reaction in children and are estimated to have a 1%-10% prevalence rate. The 2016 European Guideline recommends a stepwise approach to confirm the beta-lactam antibiotic allergy. A vital point of the guideline was that no blood test or skin prick test alone could predict or confirm a subject's drug allergy. It is necessary to perform a drug provocation test (DPT) to ultimately diagnose or exclude them. In the reports of major domestic institutions, although different protocols were followed for each institution, DPT was conducted as a crucial tool to confirm several true subjects and to exclude many false positive issues. Although the immediate allergic reaction can be provoked by the standard protocols, nonimmediate allergic responses are difficult to diagnose: the protocol is not standardized, and in severe cases of the severe cutaneous adverse reaction (SCAR), provocation test is contraindicated. Finally, cross-resistance between beta-lactam antibiotics is very rare: it is recommended to select the causative agent directly or the agent to be applied in future cases.
NSAID
NSAIDs are the most widely used medication for pain, fever, and inflammation in children. In children NSAIDs are safe, but the rate of hypersensitivity reactions ranges from 0.6% to 5.7%. Even in some studies, the reaction to NSAIDs is more prevalent than that to beta-lactam antibiotics. According to the recent European position paper on the diagnosis and treatment of childhood NSAIDs, a precise classification according to the mechanism is very practical although the rating itself is not straightforward. In children under ten years, most responses are non-May 10, Friday immunologic, cross-intolerant, and easily attributed to co-factors such as exercise or infection. Thus they are divided into non-allergic NSAID hypersensitivity and other cases. In children older than 10, on the other hand, the reactions are similar to those of adults: non-allergic reactions are classified into the NSAIDs-exacerbated respiratory disease (NERD), NSAIDs-exacerbated cutaneous disease (NECD), NSAIDs-induced urticaria/ angioedema or anaphylaxis (NIUAA). Allergic reactions are classified as selective NSAID-induced urticaria/ angioedema or anaphylaxis (SNIUAA), and selective NSAID-induced delayed reactions (SNIDR). In childhood traditional NERD is uncommon. It appears in the form of rhinitis rather than asthma, cross-intolerant reactions are more common than in adults. NSAID-related periorbital swelling is particularly prevalent in the school-aged children, and anaphylaxis reactions are more common, occurring in 9%-40% of NSAID-related cases. Because there are no other suitable markers in the diagnostic process, DPT is essential to establish diagnosis and alternatives.
Although selective NSAIDs for COX2 are not approved for this age group, they can be useful in practice. The natural history is not yet known; thus it is recommended to re-evaluate it periodically.
Hypersensitivity reactions to the vaccine
Hypersensitivity reactions to the vaccine are one of the most common adverse reactions seen in caregivers and primary physicians. An Australian study reported that up to 48% of subjects replied an adverse reaction after vaccination: 63% of them were fever and local reactions, 8% were skin reactions, and 0.5% (2 cases) were anaphylactic reactions. Taking good clinical history is essential in assessing the postvaccination hypersensitivity reaction. It is efficient to classify them into a systemic and local reaction, and then reclassify them into immediate and delayed forms. In a systemic allergic reaction, the potential for allergic reactions to preservatives, stabilizers, adjuvants, microbial components, and culture medium components should be carefully considered.
Other Points to Consider
The pattern of ADR becomes similar to that of adults in adolescence. In the younger subjects, it is much different from that of adults. Adverse reactions by the immunologic mechanisms, i.e., ones to beta-lactam antibiotics, the prevalence are similar in all ages. However, other ADRs by non-immunologic mechanisms, i.e., ones to radiocontrast media or NSAIDs, the prevalent age and severities are various and unpredictable.
Viral infections
Viral infections, by themselves, present skin rashes indistinguishable from drug hypersensitivity and also act as a cofactor to drug hypersensitivity reactions. Many of DPT-negative cases are linked to viral infections. Several specific viruses are more involved in drug hypersensitivity reactions: for example, skin rashes frequently occur when EBV is combined with beta-lactam therapy. Recently certain viruses are suspected of being linked with SCARs:
human herpes virus infection is closely related to DRESS syndrome.
Severe cutaneous adverse reactions
Not many SCAR cases are reported in children. Antibiotics and antipyretics are the most important causes of pediatric SCARs in the recent domestic report. In previous studies, SCAR was found to be more common in nonoral drugs, but in Korea, most of them occurred in oral medications. The clinical manifestations of the SCARs are widely variable, and a spectrum of a single disease cannot explain it. However, some findings are consistent across all SCARs: a certain period has passed before the SCARs has full-blown and supportive care with antiinflammatory medication is the management of choice.
Vulnerable Subjects
In adults, specific alleles of the human leukocyte antigen (HLA) gene are known to act as risk factors for adverse In a recent study on the profile of spontaneous ADR in a children's hospital dedicated to the chronic complex condition, rankings of causative medications are different. Medicines that are more frequently prescribed for the more extended time results ADRs. Off-label prescription to the younger subjects is prone to cause ADRs. Although the biologics are prescribed these days increasingly, there is no specific report on the prevalence of risk factors of ADRs to these drugs in children yet.
Conclusions
Suspecting the association of medication is the crucial first step of pediatric ADR assessment. The exact prevalence is not known due to the rare and conflicting epidemiological data. One thing is sure that only part of the subjects takes the full evaluation. ADR to Beta-lactam antibiotics, NSAIDs and vaccines are unique in their presentation; therefore thorough assessment and management is warranted when they were probably suspected.
Hypersensitivity reaction to other medications are rare in pediatric populations, but they can be a significant problem in vulnerable subjects, especially the alleged drugs are irreplaceable control their underlying issues.
